Introduction

1
Stroke, the sudden death of the brain tissue occurring when the blood flow to the brain is 2 lost by blockage or rupture, is a leading cause of death in the United States (the fourth) 2015). However, to date, identification of a significant component of the genetic factors 12 for ischemic stroke remains elusive.
13
Animal models of focal cerebral ischemia have been established to investigate the 14 pathophysiologic events occurring after ischemic stroke. Most stroke models induce 15 cerebral ischemia within the middle cerebral artery (MCA) territory as most relevant for 16 thrombo-embolic stroke. MCA occlusion models vary both in the extent of occlusion volume after pMCAO, we identified a locus on distal chromosome 7 (cerebral infarct 10 volume QTL 1, Civq1) using multiple F2 crosses between inbred mouse strains. infarct volume is inversely correlated with pial collateral vessel density across a broad 15 range of inbred mouse strains. However, we also found that a small number of inbred 16 strains break this correlation. One such strain is C3H/HeJ (C3H) that exhibits a similar 17 number of vessel connections compared to C57BL/6J (B6), but these two strains show 18 significantly different infarct volumes (Chu et al. 2013) . Thus, in the common inbred 19 mouse strains, infarct volume is mainly modulated by collateral circulation, but can also 20 regulated by a collateral-independent (eg, innate neuroprotection) mechanism. Although 21 we have identified both collateral-dependent and -independent loci that modulate infarct 22 volume, genetic variation is limited within the domesticated inbred strains. Therefore, in this study, we utilize eight parental mouse strains of the collaborative cross (CC) mouse 1 to expand genetic variations/differences in the mouse genome and through F2 intercross 2 between two such strains, identify novel genetic loci modulating ischemic stroke via a 3 collateral-independent manner (ie, neuroprotection). Linkage (QTL) analysis. Genome-wide scans were performed using R/qtl software.
12
Genotypes from MUGA were prepared for QTL mapping as follows. Total 277 informative catalog. Supplemental data contain one figure ( Figure S1 ) and seven tables (Table S1 -10 S7). Figure S1 shows both the number of collateral vessel connections and infarct volume 11 after pMCAO for all individual F2 animals. Table S1 contains detailed information of all 12 coding SNPs including in silico prediction of three independent algorithms. (8.7-fold) after pMCAO compared to CAST (22.6 mm 3 vs. 2.6 mm 3 ) ( Figure 1D ). This 23 suggests that, at least in part, WSB may modulate infarct volume after cerebral ischemia 1 through a collateral-independent mechanism.
2 Four novel loci contribute infarct volume differences between CAST and WSB. 3 In order to identify the genetic loci modulating infarct volume between these two strains, 4 we generated F1 and F2 progeny between CAST and WSB and examined both collateral is from 54 Mb to 65 Mb ( Figure 4D and E).
18
To identify possible candidate gene(s) modulating infarct volume in these loci, we first 19 surveyed candidate genes within the candidate interval of each QTLs and then sought 20 the presence of non-synonymous coding SNPs (hereafter, coding SNP) in these genes.
21
We identified a total of 330 coding SNPs in 90 coding genes in Civq8, 77 coding SNPs in 22 20 coding genes in Civq9, 109 coding SNPs in 34 coding genes in Civq10, and 157 coding 23 genes in 47 coding genes in Civq11. Within these intervals, the vast majority of these 1 genes harbor multiple coding SNPs ( Figure 4E and Table S1 ). To determine whether any 2 of these non-synonymous amino acid substitutions might affects protein function, all the 3 coding SNPs were subjected to three independent in silico algorithms that predict their 4 functional consequences; SIFT, PolyPhen-2, and PROVEAN. In Civq8, 46 genes have a 5 coding SNP (or SNPs) predicted to be damaging by at least one of the prediction 6 algorithms. However, only 11 genes harbor a SNPs predicted to be damaging by all three 7 programs and another 15 harbor damaging SNPs if the threshold is relaxed that only two 8 of the three algorithms predict damaging consequences. In Civq9, 7 genes have coding 9 SNPs predicted to be damaging by at least one algorithm, with only one predicted to be 10 damaging by all three programs and another 3 genes by only two algorithms. In Civq10, 11 a total 16 genes have coding SNPs predicted to be damaging with only 4 predicted to be 12 damaging by all three programs and another 1 gene by only two algorithms. In Civq11, a 13 total 27 genes have coding SNPs predicted to be damaging with only 3 predicted to be 14 damaging by all three programs and another 7 genes by only two algorithms (Table 1 and   15   Table S1 ). Although genes containing coding SNPs predicted to be damaging by all 3 16 independents in silico algorithms are the best candidate genes, even genes containing 17 coding SNPs predicted to be damaging by only one in silico algorithm are still potential 18 candidates. The details of all coding SNPs and functional predictions are listed in Table   19 S1. To identify other candidate genes underlying these loci, we sought evidence of strain-1 specific differential transcript levels between two wild-derived mouse strains, CAST and 2 WSB. Strain-specific differences in transcript levels could potentially be caused by 3 regulatory sequence variation acting in cis, but of any number of potential molecular 4 mechanisms. We employed RNA sequencing data analysis using adult brain tissues 5 between CAST and WSB. As shown in Figure 5A , a total 9,563 genes were differentially 6 expressed between strains but only 220 of these genes are located within one of the four 7 new QLTs, with 135 in Civq8, 10 in Civq9, 47 in Civq10 and 28 in Civq11. Assuming that 8 the most likely candidate genes would show at least a 2-fold difference in strain-specific 9 expression reduces the list to 47 genes in Civq8, 3 genes in Civq9, 19 genes in Civq10, 10 and 10 genes in Civq11 ( Figure 4E ). All 220 genes are displayed in Table S2 which   11 includes information on direction of difference, that is, which inbred strain of the pair 12 exhibits the higher expression.
13
Upon the assumption genes that exhibit both strain-specific expression differences and 14 coding SNPs predicted to be damaging would be the most robust candidates, we 15 compared genes with at least a 2-fold difference in expression between CAST and WSB 16 within the loci, and asked whether any of these harbored coding SNPs with functional 17 consequences ( Figure 5B ). Eight genes meet this combined threshold in Civq8, one gene 18 in Civq9, four genes in Civq10, and two genes in Civq11. As a starting point, these genes 19 are considered our strongest candidates to modulate infarct volume after ischemic stroke 20 via a collateral vessel-independent mechanism. underlying infarct damage is primarily based on experimental animal models. 16 We have employed a forward genetic mapping approach (QTL analysis) to discover novel 17 genes modulating infarction using surgical occlusion mouse model of cerebral ischemia. Canq1 has recently been shown to be due to variation in the RABEP2 gene (Lucitti et al. 
15
Since the collateral vasculature is developmentally established and consequently, may 16 be difficult to modify therapeutically, we have attempted to identify novel genes 17 modulating infarct volume in ischemic stroke through a collateral-independent manner (ie. genetic mapping using these inbred mouse strains may systemically miss potential 9 candidate loci that might cause phenotypic variation within the entire species.
10
Here, to increase the genetic diversity of our mapping approach, we utilized eight founder From the linkage analysis for infarct volume, we identified four candidate intervals 17 regulating infarct volume through a collateral-independent mechanism. In order to identify full realization that any of the other genes harboring coding SNPs cannot be ignored.
2
As the genes underlying these four loci might harbor cis-regulatory sequence variation 3 modulating differences in mRNA levels, we determined strain-specific differential 4 transcript levels between CAST and WSB using RNA sequencing analysis. Genes 5 exhibiting a statistically significant, 2-fold or greater difference in transcript levels are 6 considered our highest priority candidate genes. Finally, to identify a short list of candidate 7 genes for initial consideration for each of the loci, we sought the intersection of the 8 predicted functional coding SNPs and those exhibiting strain-specific transcript levels. The number of animals for the infarct volume measurements was 18, 32, 14, and 251 12 animals, respectively. Data represent the mean ± SEM. Detailed coding SNP information for each gene is available in Table S1 . 
